Background Office computer workers are at increased risk for neck/upper extremity (UE) musculoskeletal pain. Methods A seven-month office ergonomic intervention study evaluated the effect of two engineering controls plus training on neck/UE pain and mechanical exposures in 113 computer workers, including a 3-month follow-up period. Participants were randomised into an intervention group, who received a keyboard/mouse tray (KBT), touch pad (TP) for the non-dominant hand and keyboard shortcuts, and a control group who received keyboard shortcuts. Participants continued to have available a mouse at the dominant hand. Outcomes were pain severity, computer rapid upper limb assessment (RULA), and hand activity level. Prevalence ratios (PRs) evaluated intervention effects using dichotomised pain and exposure scores. Results In the intervention group, the dominnt proximal UE pain PR=0.9, 95% CI 0.7 to 1.2 and the dominant distal UE PR=0.8, 95% CI 0.5 to 1.3, postintervention. The non-dominant proximal UE pain PR=1.0, 95% CI 0.8 to 1.4, while the non-dominant distal UE PR=1.2, 95% CI 0.6 to 2.2, postintervention. Decreases in non-neutral postures were found in two RULA elements (non-dominant UE PR=0.9, 95% CI 0.8 to 0.9 and full non-dominant RULA PR=0.8, 95% CI 0.8 to 0.9) of the intervention group. Hand activity increased on the non-dominant side (PR=1.4, 95% CI 1.2 to 1.6) in this group. Conclusions While the intervention reduced nonneutral postures in the non-dominant UE, it increased hand activity in the distal region of this extremity. To achieve lower hand activity, a KBT and TP used in the non-dominant hand may not be the best devices to use.
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The related financial burden to society is substantial. The US Bureau of Labor Statistics recently reported that illnesses associated with repetitive motion involving 'micro-tasks' resulted in three times as many lost workdays as all other types of work-related illnesses. 2 Most office ergonomic intervention studies have examined primary prevention. In a review of primary prevention of musculoskeletal outcomes (MSOs) and ergonomic measures, interventions included ergonomic training, forearm supports and alternative pointing devices. 3 The review found moderate evidence that ergonomic training was ineffective, while the use of forearm supports reduced incident neck and shoulder MSOs. Using an alternative mouse on the dominant side did not lead to beneficial effects. 3 Most secondary prevention studies have examined health outcomes, with little attention focused on intermediate exposure outcomes. 4 Two reviews of secondary prevention in office ergonomics noted that work practice controls alone had little effect on pain reduction, and more studies were needed on pointing devices. 4 5 One randomised intervention study that examined trackball use found a decrease in right UE pain, where 98% of participants used the track ball in the right hand. 6 To date, no secondary prevention studies have examined the effect of a touch pad (TP) on pain and mechanical exposure outcomes in computer workers.
What this paper adds ▸ Most office ergonomic intervention studies have examined primary prevention, with little attention focused on secondary prevention. ▸ There appear to be no secondary prevention studies that have examined health and exposure outcomes when simultaneously using pointing devices in both hands. ▸ In this randomised controlled trial, no significant differences in pain between groups were found in any anatomical regions, postintervention; trends in improvements in non-neutral postures in all regions, along with higher hand activity on the non-dominant side were seen in the intervention group, postintervention. ▸ Other types of pointing devices in right and left hands, coupled with forearm supports on a low, negatively pitched platform, may still have a role in secondary prevention. ▸ To achieve lower pain in the non-dominant upper extremity, a keyboard/mouse tray and touch pad in the non-dominant hand may not be the best devices to use.
While return-to-work programmes following a work-related disability involving the musculoskeletal system have contributed to our understanding of secondary prevention, 7 8 limited information exists on worker presenteeism with musculoskeletal pain. 9 There also appear to be no secondary prevention studies that examined health and exposure outcomes when simultaneously using pointing devices in both hands.
The use of two devices in symptomatic computer workers may assist with recovery. Based on an exposure-response model, 10 an exacerbation of pain would likely occur sooner and more frequently in the dominant UE of symptomatic workers (the extremity using the principal pointing device). One study found 17% of symptomatic computer workers changed mouse use from the dominant to the non-dominant UE (the extremity initially not using a pointing device) over the workday or alternated between mousing hands to manage symptoms in the dominant UE. 11 The objective of this study was to examine the effect of an adjustable keyboard/mouse tray (KBT) and TP for the nondominant hand plus training on their use to symptomatic computer workers with substantial occupational computer use. The outcomes studied were non-specific neck/UE musculoskeletal pain and mechanical exposure. We hypothesised the intervention group would have a reduction in severity and prevalence of pain and less mechanical exposure to the dominant UE because certain pointing activities would be shifted to the other hand. While a small increase in mechanical exposure in the nondominant UE was expected, we hypothesised this would not measurably exacerbate pain on this side.
METHODS

Trial design
This was a randomised controlled trial with baseline and follow-up ( postintervention) assessments 7 months apart with an intervention and a control group. The intervention group received a KBT, a TP in the non-dominant UE (figure 1A), and training on these devices. The control group did not receive any engineering controls. All participants continued to have available a traditional mouse located at the dominant hand ( figure  1A, B) . Both intervention and control groups also received training on keyboard shortcuts (minor intervention) after the intervention group received their (major) intervention. Internal Review Boards at our institutions approved the study protocol and consent forms.
Setting and location
The study group was a legislative branch of state government with 20 departments, located in the northeastern USA.
Employees within these departments worked as support staff for state legislators or in non-partisan departments (eg, information technology). Legislators were ineligible to participate per a request from management.
Eligibility criteria
Participants had to be permanent, year-round employees but did not have to be full-time employees. Year-round employees work all year, during the legislative session and interim period when legislators are not in session. 'Sessional' employees only work during the legislative session. Additional inclusion criteria were: work at least 4 h/day on a desktop computer, non-specific neck/ UE musculoskeletal pain (1 or greater on the pain scale described below) at the time of screening, and no history of acute traumatic injury to the neck/UE in the past year.
Intervention
Engineering controls were installed at night. Members of the intervention group were given an adjustable 27-inch wide KBT (K/V Waterloo, Kitchener, Ontario, Canada and Grand Stands, Monrovia, California, USA) and a Smart Cat TP (Cirque Corporation, Salt Lake City, Utah, USA), positioned adjacent to the keyboard. The TP was positioned on the side of the nondominant UE. The angle of the KBT was set in a 10°negative tilt. 12 A padded wrist rest was integrated into the tray. The TP was tented approximately 30°above the horizontal. 13 Training on these devices was conducted on agency time and lasted 1 h. The rationale for engineering controls and method of use was explained to each participant. Participants were encouraged to use 11 programmable features on the TP. They also received a diagram of the TP and directions on the features. Demonstration and supervised practice followed. Each participant repeated the demonstrated actions until she/he appeared to understand how to use both devices.
Another 45 min training session was conducted 1 month later for the intervention group to review the engineering controls. Participants from intervention and control groups were then given an additional 45 min of training on keyboard shortcuts along with written instructions on each shortcut. Training for groups was one-on-one.
Health outcome
At baseline and postintervention, the same intervieweradministered survey was used to assess pain severity. A modified five-point verbal rating scale was used 14 15 and right/left fingers. One question was asked for each anatomical region of interest, such as 'In the past 4 weeks, how much pain, on average, did you have in your dominant neck/upper back?' Response anchors were: (0) no pain; (1) mild pain (pain present but does not limit activity); (2) nagging, uncomfortable pain (can do most activities with rest); (3) miserable, distressing pain (unable to do some activities); and (4) intense, dreadful pain (unable to do most activities).
For analyses, pain scores were combined into two UE regions ( proximal and distal) on each side. The right and left proximal regions were comprised of two parts, the neck/upper back and shoulder. The right and left distal regions consisted of the elbow, forearm, wrist and fingers. Mean pain scores for each region were calculated by summing the scores for all joints of each region and dividing by the number of joints.
Secondary outcomes
Other possible outcomes from the intervention were also examined. These comprised: change in primary mousing hand, use of UE support, sick leave or medical care for a musculoskeletal condition, exacerbation of pain, a modified work ability index (WAI), 16 trouble sleeping, hours of keyboard and pointing device use, static posture, finger effort, psychosocial exposures and ergonomic knowledge.
Exposure outcomes
Identical observational exposure assessments were performed at baseline and postintervention. A modified computer rapid upper limb assessment (RULA) 17 18 and the hand activity level (HAL) 19 were used to examine body posture and hand activity on both sides.
Computer RULA was designed to provide a posture-coding framework to score neutral/non-neutral postures throughout the body, but was modified to score only non-neutral postures. The score of all RULA elements, consisting of the dominant or nondominant UE, the neck and trunk ('spine'), and lower extremities could range from 1 to 83. The sum of the spine and lower extremities could range from 0 to 50. The dominant or nondominant UE score could range from 1 to 33.
HAL comprises a 10-point scale with five verbal anchors. HAL integrates the observer's assessment of wrist and finger motion speed with duration and frequency of observed pauses. HAL could range from 0 to 10. Higher values for both exposure measures represent greater mechanical exposure.
Random selection in one of the 20 departments after the start of the workday initiated the work-sampling window. The first participant encountered in the department was observed for 33 s consecutive time frames (15 min). Each time frame was coded in this sequence: (1) Computer RULA neck/right upper back, right UE, forward head; (2) Computer RULA neck/left upper back, left UE, trunk/lower extremities; (3) right HAL; (4) left HAL and (5) task (five tasks were defined, consisting of data entry, data acquisition, word processing, interactive communication/email, programming/graphics). The worker closest to the initial worker was then observed, and so on, up to a maximum of eight workers. This entire sequence was repeated once after lunch on the same eight workers. In total, 30 min of observational data on 1 day were obtained per worker at baseline and postintervention.
Survey questionnaires
At baseline, a structured questionnaire was intervieweradministered or self-administered to all participants. The items covered five domains: (1) individual factors (intervieweradministered), (2) department and job categories (self-report), (3) temporal and other mechanical exposures (intervieweradministered), (4) psychosocial exposures (self-report) and (5) ergonomic knowledge (self-report).
Individual factors included demographics, general and musculoskeletal health history, and one slightly modified question from the WAI. Department job categories consisted of caucuses, technical branches and management. Job titles consisted of assistants, directors, analysts and other. Mechanical and temporal exposures included hours of computer use, other repetitive work, years working at the agency and other computer work outside of the agency. Psychosocial factors consisted of one composite measure of job strain from an alternative formulation of the Job Content Questionnaire ( JCQ), and one multimeasure (four items) composite score for supervisor support based on the JCQ. 20 21 The composite job strain measure was comprised of five items for psychological job demands and nine items for decision latitude. It was defined as y=(0.5) psychological job demands-(0.5) decision latitude (use of skills plus decisionmaking latitude), giving a continuous linear function term. Job satisfaction was also collected. 22 Ergonomic knowledge comprised four items: overall knowledge and knowledge of risk factors, correct posture and correct workspace. 23 One question was asked for each item of interest. For example, for 'knowledge of correct workspace,' participants were asked 'Do you have knowledge of what is an ergonomically correct computer workspace?' A four-point verbal rating scale was used, consisting of none, fair, moderate and a lot.
Variables that could change over time were reassessed postintervention with identical instruments. These included demographics, general and musculoskeletal health history, physical activity and mechanical exposures.
Sample size
With approximately 57 participants per group, we would have 80% power to detect a 23% difference in musculoskeletal pain severity between intervention and control groups if the baseline median pain score was 2, 24 where ≤2=no pain/mild pain and ≥2=uncomfortable to severe pain (scale range=0-4) and if the baseline pain prevalence was 62%. 1 
Potential sources of bias
Performance bias was addressed by examining baseline and postintervention determinants between groups, although blinding was impossible postintervention. As blinding was impossible, detection bias may have occurred. Attrition bias was addressed by determining the reasons for loss to follow-up. The engineering controls used for the intervention may have reduced contamination bias, since the control group would most likely need the identical engineering controls to achieve similar outcomes. Selection bias based on differences in baseline determinants and baseline outcomes between groups was addressed by randomisation. Selection bias was likely reduced by our allocation concealment during randomisation, which is described below.
Recruitment and randomisation
Within a 3-month period, management sent two emails and a newsletter to all eligible agency employees, briefly stating the purpose of the project. The emails did not describe inclusion criteria. The research ergonomist then e-mailed all eligible employees explaining the purpose of the study in detail and asking them to reply with their work telephone numbers if they were interested in participating. Once contacted, telephone consent was obtained followed by a 15 min screening interview to determine if eligibility criteria were met. Random allocation was conducted by an epidemiologist blind to study objectives to avoid predictable sequences. The epidemiologist recorded the allocation at the same time he preformed the randomisation procedure to avoid manipulation of assignment. A simple individual randomisation scheme was used. Stata V.11 (StataCorp, College Station, Texas, USA) was used to generate a dichotomous (0, 1) randomisation sequence analogous to a repeated fair coin tossing for each participant. Thus, participants could be randomly assigned to either the intervention or control group based on a predefined 50% event probability, where 0=control group and 1=intervention group. To prevent unbalanced group randomisation, the randomisation syntax was reiterated until intervention and control groups each had approximately 57 participants.
Allocation concealment and implementation of assignments followed the sequence generation and were kept secret from researchers and participants until the latter group was consented and enrolled, after baseline evaluations were performed and after all participants were assigned to their groups by the epidemiologist. Each participant was then given an identical sealed envelope by the ergonomist, which contained the allocation assignment for that participant.
Statistical analysis
Only participants who had both baseline and postintervention measures were included in analyses. To compare exposures, time-weighted averages for RULA and HAL scores were calculated for each day by averaging non-neutral posture and hand activity scores over the two 15 min observation periods, multiplying by the percent of each task performed over the periods, and then summing these task means. Graphical univariate distributions of continuous variables were used to identify outliers and determine whether data were normally distributed. Selected continuous and ordinal variables were converted to categorical variables. Bivariate scatter-plots were visually examined to determine whether relations were linear or non-linear. Baseline distributions were compared between groups with t test or χ 2 test. Means of outcome variables were compared in the intervention and control group using paired t tests (ie, pretest vs post-test mean comparisons by group). Findings were considered statistically significant at p≤0.05.
As pain severity was low at baseline among all participants, with the mean and median values at 'mild' (ie, approximately 1), we dichotomised the original five-point severity scale into 0=no or mild pain and 1=uncomfortable, miserable or intense pain. Dichotomised low-exposure/high-exposure scores were also created, comparing below versus above median values of the current sample for RULA elements and HAL scores.
Generalised estimating equation Poisson models 25 were then used to examine how large the prevalence of pain or exposure was in the intervention group relative to the control group as a function of the intervention (no/yes). The effect of the intervention was expressed as the prevalence ratio (PR) and its corresponding 95% CI. All statistical analyses were performed using Stata V.11.
RESULTS
Study schedule and flow diagram
The study was conducted when the legislature was not in session. Figure 2 presents the study schedule and flow diagram. Each study phase (#) took approximately 1 month to complete, sequentially: (1) baseline evaluations, (2) implementation and training of the intervention for the intervention group, (3) follow-up training for the intervention group and training on keyboard shortcuts to both groups. (4) Postintervention evaluations were conducted 3 months after the follow-up trainings (month 7). (5) Exit telephone interviews about perceived physical work demands over the study were conducted with all participants 1 month after the study ended.
We attempted to collect baseline and postintervention interviewer-administered data on the same day of each participant's observational exposure assessment, if she/he was available.
Participant flow
There were 418 agency employees, of whom 152 volunteered to participate. Among these, 39 were ineligible: 36 of these volunteers were asymptomatic, two had recently suffered acute traumas from motor vehicle accidents, and one was leaving the agency in 5 months. Thus, 113 volunteers were eligible, resulting in a participation rate of 27% (113/418); 56 and 57 participants were assigned to the intervention and control groups, respectively. All participants from the intervention group completed the study, while four participants from the control group were lost to follow-up, resulting in 109 participants for analysis. One of these four participants was unavailable postintervention due to a change in legislators, another became a legislator, and two declined to continue citing lack of time (figure 2).
Baseline determinants
Fifty-three determinants were collected. No differences in distributions were found between intervention and control groups for any determinants (tables 1 and 2).
Without and with an intention-to-treat approach
Study results were compared between intervention and controls groups after excluding the four lost to follow-up (n=109) and, as an intention-to-treat approach, after including the lost to follow-up (n=113). All outcome values from the control group were imputed from baseline values. When comparing results without and with an intention-to-treat approach (n=109 and n=113, respectively), no substantial findings were observed for any outcomes. To simplify analyses and limit assumptions, we chose not to use an intention-to-treat approach.
Pain severity and PR
Regional mean pain severity was low within the cohort at baseline (=0.8 for both intervention and control groups, scale range 0-4) and distributions between groups were similar (table 3). Since pain may have been associated with increased physical work over the study, we examined self-reported physical work demands, postintervention and found they were stable between groups. Mean decreases in pain severity were seen for intervention and control groups in proximal UEs, postintervention (table 3) .
There were no significant differences in PRs for pain between groups in any anatomical regions. Although not reaching statistical significance, a protective effect in pain was seen on the dominant side of the intervention group, while an increase in pain was found on their distal non-dominant side (table 4) .
Exposure intensity and PRs
Magnitude of posture (range of motion) and frequency (repetition) of hand activity for all RULA elements and HAL scores were similar between groups at baseline (table 3). With the exception of the spine/lower extremities, the intervention group showed mean decreases in non-neutral postures in RULA elements, postintervention. The opposite effects were seen in the control group: increases in non-neutral postures were seen in all RULA elements except for the spine/lower extremities. An increase in mean hand activity in the non-dominant side was observed in the intervention group (significant), while distributions for all other paired pre-post tests in hand activity were similar between groups (table 3) .
PRs showed decreases in two of five RULA elements in the intervention group postintervention, both on which were located on the non-dominant side (table 4). While trends in decreased exposure were seen in the other RULA elements of the intervention group, findings approximated but did not reach statistically significance. There was an increase in hand activity on the non-dominant side of the intervention group, postintervention (significant). No other significant findings in hand activity were observed between groups, postintervention (table 4).
Secondary outcome variables
Two dependent variables differed between groups postintervention: use of UE support (intervention group, n=22, 39%, control group, n=37, 70%, p<0.01) and ergonomic knowledge. For this latter variable, the intervention had a significant effect on what is an 'ergonomically correct workspace' (intervention group, n=55, 98%, control group, n=0, 0%, p<0.001).
Self-reported effects of major intervention
Postintervention evaluations asked the intervention group to rate certain effects of the engineering controls. Most participants (73%) reported the KBT reduced pain, while 7% reported it increased pain. A lower percentage (43%) of participants reported the TP reduced pain, while a similar percentage (9%) reported it increased pain. Findings regarding equipment preference were consistent with pain reduction: 87% preferred using the KBT, while 50% of participants preferred using the TP. The majority of participants (91%) had no difficulty using the KBT, while 50% had no difficulty using the TP. Almost one-half (46%) thought that the KBT improved productivity, but only 13% reported the TP improved productivity.
DISCUSSION
The effect of the intervention, measured by PRs (table 4), showed no statistically significant differences in pain between groups in any anatomical region. Two of five RULA elements showed decreases in non-neutral postures in the intervention group, both of which were located on the non-dominant side. The intervention increased hand activity on the non-dominant side.
The findings are consistent with the Armstrong et al 10 exposure-response model. Approximating but not reaching statistical significance, a protective effect in pain in the dominant UE may have occurred because of lower exposure in this extremity, postintervention. These results may also reflect the small sample size or a low sensitivity of study scales. Pain and exposure can be measured using three different dimensions: severity/magnitude, frequency and duration. In the control group, proximal UE mean pain severity was reduced, but the magnitude of non-neutral posture was increased in the majority of RULA elements (table 3) . Static UE loading, which represents the duration dimension of exposure, was also measured. The intervention group reported less UE support, postintervention. A review of RCTs and a prospective study 3 26 reported UE forearm support may be associated with decreased proximal loading and pain. The control group used the desktop for UE forearm support, while the intervention group did not. Static proximal loading in the intervention group may have been driving these particular results.
Higher pain prevalence in the distal non-dominant UE of the intervention group was unanticipated, postintervention. The use of a low, negatively tilted KBT 12 27 and two pointing devices was expected to redistribute an individual's exposure profile and consequently reduce overall pain. Dominant and non-dominant UE non-neutral postures were hypothesised to improve with the use of bilateral, simultaneously used pointing devices. A laboratory study that examined non-dominant (left) versus dominant mouse use found nondominant mousing reduced postural exposures on that side, but comparable results were not observed on the dominant side; however, that study did not use devices simultaneously in both hands. 28 Similar to the above study, significant improvements in this study were only found in non-dominant postures (table 4) .
Hand activity associated with mouse use in dominant and nondominant hands was predicted to be more equally distributed with two pointing devices. The secondary pointing device was only designed to supplement, not supplant, the primary pointing device. The increase in hand activity in the intervention group may have occurred from the 11 functions of the TP. While this may have provided the intervention group with more opportunities to efficiently (and quickly) complete activities than their traditional three-function mouse, the increased functionality may have led to greater pain. A randomised intervention study that provided track balls in the dominant (right) UE found they increased incident musculoskeletal disorders on the right but decreased prevalent pain on that side. 6 These findings may suggest the mechanisms for onset of and recovery from pain are different, 29 30 which might highlight the importance of examining primary and secondary prevention.
Four other possible explanations for results are listed below. Postintervention follow-up time was limited to 3 months because we were unable to gain access after the legislative session began. However, it is suggested that at least a 1 year follow-up is desirable. 31 A traditional wrist rest was integrated into the KBT. However, wrist rests have been associated with increased UE pain, perhaps due to mechanical compression in distal regions. 26 The intervention did not include forearm supports; these have been shown to reduce muscle loading in the UEs of computer workers, and higher muscle loads have been associated with UE pain. 32 Baseline mean pain severity levels were low within the cohort. We may have experienced floor effects, reducing room for pain reduction.
While the study had several strengths, results should be viewed with respect to its limitations. Strengths included its randomised design 33 and the measurement of a wide range of potential confounders. We conducted observational exposure assessments rather than relying on self-reports and only used one ergonomist to conduct observational assessments and exposure and health interviews for better reproducibility. The control group had less self-reported overall ergonomic knowledge than the intervention group, postintervention (intervention group=57.1%, control group=37.7%, p=0.04), which may indicate contamination was minimal. The intervention involved engineering controls, which would have made contamination less likely. Specifically, the control group was issued standard agency equipment. Without engineering controls, a reduction in non-neutral postures and hand activity in the dominant hand may be difficult to achieve.
Limitations include lack of blinding following knowledge of intervention status, which may have led to measurement error. This would most likely have resulted in differential misclassification of outcomes with respect to 'exposure.' The participation rate was low (113/418=27%). However, it has been suggested that low participation rates are not likely to have a substantial influence on intervention-disease associations or point estimates. 34 Residual confounding may have occurred despite randomisation, but we collected and examined 53 potential confounders. There may have been inadequate concealment of random allocation, although the randomisation sequence was generated by an epidemiologist blind to study objectives and allocation was hidden until after baseline measures were conducted and just prior to intervention implementation. There may be differential attrition between the intervention and control group; however, the numbers lost to follow-up in the control group were small (n=4) and participants' reasons appeared unrelated to the intervention. Despite using engineering controls, contamination might have occurred, since intervention and control group participants' workstations were often adjacent to each other and personal contact was frequent.
Despite the limitations, we believe the use of two pointing devices in right and left hands may still have a role in secondary prevention. Mechanical exposures following a physical intervention would more likely be reduced before a decrease in pain, as the musculoskeletal system requires substantial periods for repair and remodelling.
Recommendations for future studies include use a longer postintervention period before reassessment of measurements. Higher baseline pain severities in the cohort may have resulted in pain reductions in the intervention group, as possible floor effects might have limited the intervention's impact. Since increased TP use in the non-dominant hand may have increased pain on this side, another recommendation is to limit their number of programmable functions to three.
The study provided a clinical perspective on symptomatic participants working with low pain levels, such as the number of lost workdays experienced and whether medication was taken to manage symptoms and, for pain severity, on the effectiveness of engineering controls. The magnitude of posture and frequency of hand activity have implications for ergonomic design. The PRs may help identify effective (or ineffective) interventions for setting public health policies involving computer work.
CONCLUSION
No significant differences in pain between groups were found in any anatomical regions, postintervention. Decreases in nonneutral postures were observed in two of five RULA elements in the intervention group and an increase in hand activity was seen in their non-dominant hand. To reduce hand activity in the nondominant UE, a KBT and TP used in the non-dominant hand may not be the best engineering controls to use.
